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Outline

A little homage
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Source: The Spinoff
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Intro: What is GeoNet

GNSS: GeoNet and PositioNZ continuous GNSS networks

Events: GNSS for Event Response

Future: Future initiatives using GNSS data

Thanks to Chris and the organization for the invite!
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“Covid impact” on seismic data

 lower ambient noise during lockdown

 observed using RSAM (Real-time Seismic Amplitude
Measurement) from HBAZ GeoNet seismometer

« Similar observations around the world

i — work places >
5 : — retail and recreation |l 55 2
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From Van Wijk et al., JGR Solid Earth, 2021, https://doi.org/10.5194/se-12-363-2021

GNS Science
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GeoNet, 20 years of monitoring geological hazards

Earthquake
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GeoNet Sensor Network " N

Almost 1000 sensors!
(from Raul Island to Scott Base)

A GNSS sites (196)
) Seismometers and acoustic sensors (391+31)

Bl Strong motion sensors and building arrays (315 + 18)
V¥ Tsunami monitoring gauges (19)

@® DART(8)*

M cameras (12)

Q Environmental sensors (12) *

* DART and Environmental
sensors collection, processing
and  distribution  currently
under development



Sensor network metadata

 Robust metadata control process for scientific equipment changes
« version controlled database
« accessible to all end users (http://github.com/GeoNet/delta)

displacement from initial position
o MAHI

(ww) dn
N
o
o

-60.0 ]

2010 2015 2020
Date
CC BY 3.0 NZ GNS Science latest: -15.31 mm (2020-09-16) min: -47.86 (2018-04-11) max: 27.90 (2007-12-13)

*" Technicians in the

specialists control " change confirmed,
L field collects |:> information against data

downstream processes are
automatically updated

metadata change is
reviewed

information and record change



http://github.com/GeoNet/delta

Modern Data Management System and data archive

30 years of digital records
(raw and derived data)

Preparing for the future

GeoNet Data moved to the cloud in 2018-2019

(cloud computing, data driven decision, artificial intelligence)

Current data
volumes

N

64 TB

/

\

1 |

Estimated
growth

1.6

43 GB/day TBlyear

Y /

GNS Science



Data and products: from seconds... e S — T —
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Data and products: ...to days/months...

Decades i Geophysical Hazards group (mod. from Gill et al., 2014)
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Medium/low-rate and campaign data
« Earthquake parameters
« Crater lake monitoring
* Volcano gas flux
 Webcams
 GNSS daily solutions
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RUO001 (Ruapehu Crater Lake Outlet) - temperature
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latest: 15.84 C (2020-09-17) min: 14.75 (2020-09-15) max: 27.87 (2020-06-30)

o integrated
circuit
and
data
logger
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“Long term” data:
* Felt reports temperature
 EQ catalogue (~627,400)
« Strong motion products
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* Eruption history database ..f\(l | [\‘MW” M

« Volcano alert levels and bulletins 1 l PR chmbl L "

° LandS“de repor‘ts 19=75 19=80 19=85 1glgo 19235Date 20=oo 20105 2o=1o 20=15 2o=20

° Long term ground deforma“on CC BY 3.0 NZ GNS Science latest: 15.84 C (2020-09-17) min: 7.99 (2015-08-25) max: 69.00 (1998-11-08) L - — o




Established in December 2018

v National Geohazards Monitoring Centre

Te Puna Morearea i te Ru

Earthquake

Analysis System

GeoNet
Website
+ App
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GeoNet data used by NGMC to
monitor geohazards

SDO

Seismic Duty Officer
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GeoNet and PositioNZ GNSS networks EQC gtziaﬁnrzx:;""a

New Zealand
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20 years of partnership between GNS, LINZ, EQC, Otago University School of Surveying
through the GeoNet Project (now Programme).

High value geographic
Information

National reference datum

Real time positioning

& e y 4 B
——

Ground deformation
monitoring

GNSS data for research

I GNSS m
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GeoNet and PositioNZ continuous GNSS networks

saw, Toitii Te Whenua PositioNZ stations (37): GPS, Glonass, Galileo, BeiDou, QZSS
ﬂ Land Information u https://www.linz.govt.nz

New Zealand

GeoNet stations (160): GPS, Glonass
https://www.geonet.org.nz

EN-E-EN * Contributing to IGS network (7) "
|GS INTERNATIONAL

WWW.10S.0rg

G NS5 SERVICE



https://www.linz.govt.nz/
https://www.geonet.org.nz/
http://www.igs.org/

GNSS stations
monument types

B Wyatt/Agnew deep braced
Wyatt/Agnew short braced

W pillar

M steel mast

MW other




Wyatt/Agnew Deep Braced
Monuments construction

Original design by Unavco, high quality GNSS monument:

- well anchored to the ground

- up to 10 m foundations depth

- stainless steel

- solid and durable antenna mount

Rotorua Highlands Station RGHL

North anchor

South anchor

East anchor

West anchor

Centre anchor

0.0
35

0.0
47

0.0
39

0.0
41

0.0
42

3.5
8.0

47
8.0

39
75

Soft brown ASH
Fractured IGNIMBRITE

Soft Brown ASH
Fractured IGNIMBRITE

Soft brown ASH
Fractured IGNIMBRITE




GNSS data products: where to find them

e RINEX and raw data

https://www.geonet.org.nz/data/types/geodetic
https://data.geonet.orqg.nz/gnss

« 1sreal time GNSS streams (~20% of sites)

https://www.linz.govt.nz/data/geodetic-services/positionz/positionz-real-time-service

« Daily position time series
to visualize: https://www.geonet.org.nz/data/gnss/map
to download: FITS https://fits.geonet.org.nz/api-docs/

* 1 Hz data can be manually retrieved from sensors in the field upon request to
support surveying

@, Toitt Te Whenua
:-»'# Land Information About LINZ Contact
"-—J New Zealand

Back to main site

PositioNZ-RT — Current Status

For information on using the PositioNZ-RT real time service visit the main PositioNZ-RT
page .

Statistics are updated every 10 minutes. To ensure the latest numbers are being

displayed please refresh your page. Map locations are approximate, and may be
several hundred metres out of position.

GeoNet Geological hazard information for New Zealand

Search

Home Earthquake ~ Landslide Tsunami ~ Volcano ~ Data ~
Google )
9 Geodetic
ABOUT MAP
GNSS Time Series Map GNSS Time Series Plot - Mahia Peninsula
Interactive map showing all GNSS sites. Click on a site to .
Show Data of ® Displacement O Quality/Average
display Plot graphs.

MAHI- displacement from initial position

e (mm)

latest -19.70 mm (2021-07-29T11:59:00Z)

MAHI- displacement from initial position

i 2015 2016 2017 2018 2019 2020
A latest: 126.30 mm (2021-07-29T11:59:00Z)

2015 2016 2017 2018 2019 2020 2021

004 f
R “N.\\l\.\
;;‘.?g\ y

2021



https://www.geonet.org.nz/data/types/geodetic
https://data.geonet.org.nz/gnss
https://www.linz.govt.nz/data/geodetic-services/positionz/positionz-real-time-service
https://www.geonet.org.nz/data/gnss/map
https://fits.geonet.org.nz/api-docs/

Land Information
New Zealand

,-""‘—/ Toitu Te Whenua
PositioNZ Real Time network

|

Real time service: =
« 53 streaming stations * .

— all 37 PositioNZ stations (including Scott Base in Antarctica!) i

—  10% of GeoNet stations (16) . S Y

. . . itk o o 2%
« Streaming of 1s GNSS data in real time y - o
« ~1000 individual connections at any given time .ﬂ
 less than 1.5 seconds latency on average 4 ."
..o.° ......
. . ..‘o ®
. g . @
, : =
o 2 3 g g ¢ sm -
S 33 : ¥ 2 0 | W &l
% 1 % g % E \. * *
) =
s |8 £¥3 "
© ) = g o qz§ E Lt ég co 3 e i
% E L E négﬂa g EQH % g I gg 9 '_E Eégggg 2 .* .GeONet
0 g TH L H Y EE: P | | £ ] B GeoNet RT
< N b d B " : = B PositioNZ
Y& contributing to IGS-RT

0 -

I GNSS m



&8, Toitu Te Whenua
L f Land Information
New Zealand

PositioNZ Real Time users

« User subscriptions statistics (courtesy of S. King, LINZ)

cumulative number of PositioNZ-RT user subscriptions since 2010
1000

500

2010 2012 2014 2016 2018 2020

« Individual connections (May-June 2021)

2k

1.5k
_‘_‘_/"\_______ AFKM_I—

B m Survey m Other
0.5k Research Personal
Ok [ | _ : 1 [ | Geospatial m L ocal/Regional/Central Gowvt
May 2 May 9 May 16 May 23 May 30 Jung Jun 13 Jun 20 - Private CORS n GNS/L'NZ

GNSS




Recent GeoNet projects in partnership with LINZ

 GNSS data collection modernization (2017-2018)
« GNSS sensor network upgrade and vertical reference marks measurements (2019-2020)

* PositioNZ-RT streams renaming and users migration to align with 1GS standards (2020-2021)

gloria-cli-internal

CDDIS GNSS
data archive r 4
oy .
Validate GeoNet GNSS
@ manual! data geonet-spool operators
& L
Hm runpkroo

teqe tege

¢ -~ https://data.geonet.org.nz

IGS Upload

My = ==
hourly & dail L €
RINEX2.11

Quality
check
gloria-ws

% [
© Private collection network
Download
v \ TO2 File
] iRl g
N Check Satellite
pes

Tracking Status
|

GNSS operators monitoring

- backoff mechanism for offiine sites
- 404 records

b |




How GeoNet and PositioNZ GNSS networks support response
to large geohazard events

m Gill et al., 2014) [2\ Earth qua G

Decades 3
L Years . ~
() 1083 Volcanic Eruption
E Months 3 (Pyroclastic and
[3) Lava Flows)
/2] 3 Volcanic .
— ] Eruption T
S Weeks 10 (Ash, Gases) a sunami
g D ;/
ays E
5 .
 Hours 107
Landslide = VO I Ca n O
Minutes 1023

Seconds X 4
100- T 2 Lo ..\....‘.. RRAEL L e R R e 4
102 10° 102 10 108 108 La ndS||de
Micro Local Regional Global =

Spatial Scale (km?)

Events



“z\ Earthquake

Kaikoura 2016 earthquake, M 7.9

10,000+ g, 21

landslides identified faults

online reports slow slips triggered ‘
[N
" .

within the first hour

‘11 till und 3 e
2 50million @U g T
hits to ?E%NINT webglte peak ground acceleration

on |4th November (PGA) recorded at Waiau

19,000+ &% 6.9m &

aftershocks tsunami ot Goose Bay




Earthquake

GNSS “kinematic displacement”, produced (manually) ~2hr
after the event. Earthquake magnitude was still poorly

Kalkoura 2016 earthquake, time machine

GNSS network in November 2016

40 S constrained by available data and modelling
. a
N Two meters of land movement at Cape Campbell, Marlborough
A A 3 8
A 2 i AA "N caused by the CuIverden"liu.'l.?:.‘ﬁ“garthquak?hz_glajl_lumblJ_E
- A +
A A A A A E =
A A 2500 | M Up =
A o’ :
o 2000 | +
e +
A 2500 | .

T 2000
- o
A ] = gm0 |
FaN - 1
A : 1000 |
A .
A T :-:..::"
170" 175° .
500 b
AGeoNet
A PositioNZ ¢
M>4 earthquakes in the first h
) —5 M M M M M M M
hour after the mainshock 11:00 11102 11104 11105 11:08 11:10 11:12 11:14 11318

time (hhimm)

13 November 2016, UTC time




N-S E-W up—down Earth qua ke
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Kaikoura 2016,

coseismic
i deformation
cmbl U"L—-/\}J\r‘ CoselsmlC

displacement
measured by

naha naha i GNSS stations:
nero A nero V,wj\.\,,,_.,
nlsn A nlsn A ® “dynamiC”,
oy No—TJoy every 0.1sec
watn N A (plots on the left)
tkhl N tkhl SRR S “StatiC”
Idb aldb.______ A "
. N from daily
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west o Jwest ] _ (map on the right)
— vertical
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Earthquake

In the weeks following the Kaikdura event our technicians were
busy installing new instruments in the region to help us better
locate the many aftershocks, and see how the land was behaving/
moving. This included adding both temporary and new permanent
stations to our national network.

Kalkoura 2016, GeoNet
Network Team rapid
response

NEW SITES
GNSS with strong motion

Catox | aios [RRTYRS
[Loox | Loxs RUIPO
Cseoo | sovs

e | wons RO

GNSS with weak and strong motion

EEE3  Ciarence River Middle Hill

6 new GeoNet GNSS stations sites
A installed within a week after the event!

NEW TEMPORARY SITES
Temporary GNSS with strong motion

o
Lok Toryaon i /\ A
{will be made permanent)
B Muler Station A GLDB $ a A A
| GDS1 | Gladstone Station A A A A
over R AN

{temparary station)

A WILRGhRs N
T el I R
and sites upgraded AWEST A )
*»¥*

Pornia A

Tuamarina
= Blackbirch Station ‘ ‘
m m Cape Campbell

KAIK
Temporary weak motion added to strong A
motion :
=3 T i HOK A LKTA

/




@ Earthquake

Kalkoura post-seismic ground deformation

displacement from initial position

o GLOK
e © LOK1
0.0+ - LRR1
® o SEDD
@
3
2
-100.0 4
20l1 7 2[3'1 8 20:1 9
Date
GNSS stations in epicentral area used displacement from initial position
to better define post-seismic Rt
deformation. Important to study 0.0 nRAt
earthquake source and improve a “
monitoring of aftershock sequence. Ef
* Temporary sites were made permanent within ; : | |
the next year, and co-located for at least a month 2017 2018 2019
with temporary deployments Date

1 > Gusscience



Kaikoura 2016: slow slip triggering

Australian

Australi Plat North
I S sy
[ ]

o South

L
Er" CNST Island
o, 24-h solutions kﬁz Pacific

Plate

1o§

earthquake
triggered a slow ;
slip event on the o
Hikurangi ol

subduction zone 10
-20F

10 §

)

. < ~North Island =

S
Australian p )
. Plate <L

|

8
o

Only observed by
GNSS stations

-10 f
-20

Latitude (® 5)

East position in mm

20
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NatGeo 2017

—
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R

0 100
Distance (km)
36 917 Pacific
’ 5||F' {cm} Plate
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300 310

320 330 340 350
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Earthquake

Kailkoura 2016, GNSS streaming enabled
to support science and rebuild efforts

« Where possible (depending on communication
links), GeoNet stations in the epicentral area have
been added to the PositioNZ-RT network

—  Clarence river (CLR1-CLRR)
—  Cape Campbell (CMBL)
—  Wairau Valley (WRA1-WRAU)
« GNSS streams have supported scientific studies
and rebuild efforts
—  Map faults’ surface traces
— Acquire LIDAR images in the epicentral area
—  Support the restoration of road and rail infrastructure

« Those GNSS streams are still available (and used)

STR; CLRROONZLO;Clarence River;RTCM 3;1004(1),1012(1),1006(10),1008(10),1013(10),1033(10);2;GPS+GLONASS;GeoNet;NZL;-42.14;173.81;0;0;Trimble NetR9;none;B;N;9600;Kaikoura eqg response
STR; CMBLOONZLO; Cape Campbell No. 2;RTCM 3;1004(1),1012(1),1006(10),1008(10),1013(10),1033(10) ;2;GPS+GLONASS;GeoNet;NZL;-41.75;174.21;0;0;Trimble NetR9;none;B;N;9600;Kaikoura eqg response
STR; WRAUOONZLO;Wairau Valley;RTCM 3;1004(1),1012(1),1006(10),1008¢(10),1013(10),1033(10);2;GPS+GLONASS;GeoNet;NZL;-41.59;173.59;0;0;Trimble NetR9;none;B;N;9600;Kaikoura eq response

1 > Gusscience



Ay volcano

Volcano monitoring A ouss
(O Seismometers and acoustic
Strong motion A
[ ] 9
u (E:r?\r;:r?)rr?;ental v
« GeoNet monitors 12 volcanoes/volcanic fields in New © = L
Zealand, including Raoul Island i . )
« dedicated high density networks with co-located scientific " “A
equipment A A 0, A a .
« GNSS is used to monitor ground deformation of volcanic oo By B
areas UAR A \
« GNSS data are interpreted in combination with other s P
data types and analyses Y
\ o o A
A
oy o)
4 A
— A
A a "
A A
A
Ay A

1 ) Gonsscience



Te Maarl 2012: alternative use of GNSS datam . ﬁ

3000 - pre-eruption debris avalanche P?‘NDB
 GNSS signal to noise rati(_) (SNR) can be used to confirm — "\““*" A e onaaat
presence of ash in volcanic plumes 0 4 o trast (1) Signal at VGKSE GPS station
« Te Maari 2012 eruption data - A

3000 4 NW blast (T3)

Fournier et al., 2014, https://doi.org/10.1016/|.jvolgeores.2014.05.021

2000

1500 ﬂw
1000~ T T T T
0 1000 2000 3000 4000 5000
11:52:31
i 50 — 3000 A Vertical explosion (T4)
T PRN13 2500 -
1 PRNO3 . |
N p 'pRNja iz ’ T 45 g, WP, e, 2000
Il 50 * . | S 1500 |
& s 1 - 1000 T r T T T 1
© 45 4 . A . < | % 45 e g la] 6] - EF{EOS. 0 1000 2000 3000 4000 5000
i N ‘ %‘- : ] B VL 11:52:3
y > L I i T :52:37 fEp—
PRNO3 3k V‘F PO ! SUB-PHASEla | ASH |
40 = P | © a5 E. & /W
. . " & ! |
35 — L2 SNR data for stations VGKR & VGOT : ’ . g =
- T - T T T =y E .5 PRN13 — T ‘ \ ‘ ‘
11:30:00 11:45:00 O sl o frt 2o 0 1000 2000 3000 4000 5000
T1 T3 ™ o olls
11:52:45
80 — 3000
50 PRN13 | E 40- PRN03 2500
M_/anw L")-T-A ../"’-'""\"\....« \M'W\/\h .,-.,rv’.'\.\ (U e . 2000
-4 L/ V\ " .f-.\\ f/ 1 4 B e e T LU S B S A B 1500
' 11:52:30 11:53:00 11:53:30 1000 T ' .
- 45 —f'.u.v\'\-w\ WW. ,‘)1“'{). la 0 1000 2000 3000 4000 5000
I B v'w M VM WY A
e . PRNO3 e i i W 11:62:50 o]
© 0 3000 4 SUB-PHASE Ib 1 ASH
40 it 170 2500 X
eruption onset ——9 Tl 11:53:02 / 2000 | !
R 3000 | SUB-PHASE Ilb 1500 |
I Il 2500 {r ==~ -
1000 - -
35 il l l l 2000 \ AIR‘[GAS I l‘] 1000 E’UrUD 3(]:]0 4Ur00 SU‘UD
L1 ]VGKR L2 SNR data, oA e~
B s s o e e S . v oo B : ‘ ‘ : '
11:52:00 11 52 00 1 1 52 00 11 52 00 11.52.00 "5 it 2000 a0 000 soo0

1 > oNsscience


https://doi.org/10.1016/j.jvolgeores.2014.05.021

Port Hills, Christchurch Landslide Monitoring Q Landslide

GeoNet installed and operated temporary GNSS stations to support scientific studies.
Landslide projects supported so far:
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Landslide: Alpine Gardens Landslide
(Fox GIaC|er)

displacement (m)

-40 L

2019-06

2020-01

2020-06

time (year-month)

2021-01

2021-06

Project funded by DOC
GNSS monument
specifically designed and
installed by GeoNet
Deployed in February
2019

GNSS co-located with
rainfall data logger
GNSS station moved
more than 60m since
then!
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L) Tsunami

post-event simulation of earthquake source
inversion using GNSS real time data

Tsunami: Kaikoura 2016 simulation

post-event local tsunami modelling
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Max. tsunami (m) Crowell et al., 2018, https://doi.org/10.1785/0120170247
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" In partnership with

Future initiative: expand GNSS capabilities
— " LINZ and EQC
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20 18-2023 p ro g ram m e : Auckland: RCP 2.6 . - Pikowai: RCP 2.6
sea Ievel I’ISG S Rea Ui g

Together with other data, GNSS will support
understanding of vertical deformation along -
New Zealand coastlines, crucial to inform sea }

level rise forecasting models i

Bluff: RCP 2.6

: r Slide courtesy of R. Levy
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2020-2025 programme: Rapid Characterisation
of Earthquakes and Tsunami
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ftp.geonet.arg.nz - FileZilla - O X

Last but not Ieastl mEn File  Edit ‘iew Transfer Serwer Bookmarks  Help X | @ Index l::-f,-"gnss_-' o | 4
Host: Usernarme: Ii‘ Pas F e 9 c i datageone‘torgnzﬁ

3! Apps W Bookmarks [Jg GNS Mail

Insecure serser, it does not support FTP ower TLE
Logged in
Retrieving directory listing...
Directory listing of "/ successful
Retrieving direc listing of "fgnss"..

irectory listing of Ygnss" successful

o ﬁ{mote site: | fgk

Deprecation of GeoNet FTP server

Index of /gnss/

FTP now deprecated by all internet browsers

‘ ftp://ftp.geonet.org.nz will be decommissioned =L
® . . . event.highrate/
in early 2022 to comply with IT security _ raw/
requirements i rinex/
@;ig rrap ;vent.highrate M
I@DA_nastasic site_ties MM}U{
X:K GeoNet GNSS data are now distributed over S oieimor || B ﬁﬂ;—;ﬁ
. @fox'l. n rau _—
HTTP: https://data.geonet.org.nz S
30s raw gnss/raw gnss/raw
30s rinex, hourly gnss/rinexhourly gnss/rinexhourly/
Please contact me or info@geonet.org.nz if you want to be 30s rinex, daily gnss/rinex gnss/rinex
notified of the change happening and exact timeline 1s rinex, 15min (PositioNZ-RT) rtgps/rinex1Hz/PositioNZ  gnss/rinex1hz
event highrate data gnss/event.highrate gnss/event.highrate
Site ties gnss/site_ties gnss/site_ties
sitelogs gps/sitelogs gnss/sitelogs

1 )  Fwe > GNsScence


ftp://ftp.geonet.org.nz/
https://data.geonet.org.nz/
mailto:info@geonet.org.nz

Grazie
Kia Ora
Thank you!

e.danastasio@qgns.cri.nz
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WHAT THE NUMBER OF DIGITS IN YOUR COORDINATES MEANS

LAT/LON PRECISION MEANING -~
5 e YOURE PROBABLY DOING SOMETHING
2N 80\ SPACE-RELATED
285°N 806'W YOU'RE POINTING OUT A SPECIFIC QITY
2852'N, 3068w YOU'RE POINTING OUT A NEIGHBORHOOD
29.52%°N 80.683°WJ YOU'RE POINTING OUT A SPECIFIC

SUBURBAN CUL-DE-SAC

28.5234°N, 80.6830°\J

YOU'RE POINTING TO A PARTICULAR
CORNER OF A HOUSE

28.52345°N, 80.68307°W

YOU'RE POINTING T A SPECIFIC PERSON IN
A ROOM, BUT SINCE YOU DIDNT NCLUDE
DATUM INFORMATION, \WJE CANT TELL WHO

78.523457I°N,

200830941/ YOU'RE. POINTING TO JALDO ON A PAGE
28.523457182°N, . .
80683094159 HEY CHECK OUT THIS SPECIFIC SAND GRAIN!

EITHER. YOU'RE HANDING OUT RALJ
28.52345718Z818284'N, | FLOATING POINT VARIABLES, OR YOUVE

§0.683074159265358°

BULT A DATABASE To TRACK INDIVIDUAL
ATOMS. IN EITHER CASE, PLEASE STOR

https://xkcd.com/2170/

GNS Science



mailto:e.danastasio@gns.cri.nz

